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TO SKIN OF GUINEA PIGS
A HISTOPATHOLOGICAL STUDY
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Dimethyl sulfoxide, hereafter referred to as
DM80, was first synthesized in 1867, and was
of laboratory interest only until the late
1940's when an economic process was developed
to produce it through the oxidation of dimethyl
sulfide (1).
DMSO is a water-miscible, white hygroseopie
organic liquid which can serve as a strong
solvent for most aromatic and unsaturated
hydrocarbons, organic nitrogen compounds and
many inorganic salts. It is stable at ordinary
room temperature and is miscible with many
other common solvents such as alcohols and
ketones. Saturated aliphatie hydrocarbons are
insoluble in DMSO.'
DMSO has been used in industry as a solvent
especially for organic fungicides, insecticides,
and herbicides. Some of the other nses are an
extraction solvent, a carrier for dyes and pig-
ments, a resin solvent, and in the production of
synthetic fibers (1).
It has been useful in the field of biology, e.g.
as an additive in the preservation by freezing
of platelets (2), in the low temperature preser-
vation of whole organs (3) and in the low tem-
perature preservation of trypanosomes iso-
lated from blood (4).
The pharmacology of DMSO has not been
completely elucidated; however some informa-
tion is available. It can act as a carrier en-
hancing the absorption of a number of drugs
through the intact urinary bladder of dogs;
i.e., heparin, insuhn, sodium salieylate, sulfa-
diazine and aminophylline. It produces a local
analgesic effect. Experimentally, DMSO blocks
the pain fibers of isolated nerves. It is anti-in-
flammatory, significantly reducing blister for-
mation in burns (5). Stoughton and Fritseb
have demonstrated that DMSO enhances hu-
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man percutaneous absorption of certain chemi-
cal agents (6).
Clinical use of DM80 has been limited to
topical application and appears to be beneficial
in the treatment of acute museuloskeletal in-
juries and inflammations and of some benefit
in rheumatoid arthritis, osteoarthritis, and
gouty arthritis (7, 8).
The method of Draize, et al. (9) has been
used to determine primary skin irritation in
rabbits in one study. And, in one such study no
irritant effects were noted (10). Repeated
application to the skin of rabbits over a period
of 20 days failed to show signs of skin irritation
as evidenced by erythema, edema, or inhibition
of hair growth. However, the treated skin be-
came dry, fissured, and scaly. Histological ex-
amination of the skin failed to show any ab-
normalities (10).
Because of the many interesting properties
of this relatively simple compound and because
of its possible use on the skin, an experimental
study was dooe.
MATERIALS AND METHODS
Full strength DMS0t was used for these experi-
ments. The shoulder and hack of full-grown male
guinea pigs were shaved twice weekly. One-half ml
of DM80 was applied four times daily to the right
shoulder and right mid-hack area. The left shoulder
and left back area were used as controls. The
schedule of treatment for the first group of animals
is given in Table I, and that of the second group
in Table II. At the completion of each treatment
period, a 6 mm punch biopsy specimen was taken
from the right and left shoulder and back areas.
The specimens were fixed in 10% formalin and
histological sections were stained with the follow-
ing: hematoxylin and eosin, Mallory, elastic
(Weigert), periodic acid Schiff, reticulum, and
Rhinehardt Abul Haj.
RESULTS
Histology—During the first two weeks very
little change was noted between the treated and
untreated sides. On the untreated shoulder area
t Supplied by Crown Zellerbach Corporation,
Camas, Washington.
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Fio. 1. Photomicrograph of guinea pig skin (H & E X 160). Treated back area at 3 weeks.
Section demonstrates hyperkeratosis, increase and disorganization of the granular layer, mild
inflammatory reaction in upper corium.
FIG. 2. Photomierograph of guinea pig skin (H & E >< 160). Treated back area at 6 weeks.
Section demonstrates hyperkeratosis and marked vesieulation of stratum malpighn. Com-
pare this with Fig. III.
FIG. 3. Photomierograph of guinea pig skin (H & E >< 160). Untreated back area at 6
weeks. Observe thin stratum eorneum and stratum malpighii.
the stratum eorneum was thin and wavy. The
stratum granulosum was one cell-layer thick
and the stratum malpighii was four to five cell-
layers thick. The treated shoulder area was
similar; however the stratum eorneum ap-
peared to be in a double layer of thin wavy
strands and the stratum malpighii was thicker,
averaging seven to nine cell-layers. The col-
lagen bundles in the dermis were loose and
there was a mild infiltrate of lymphocytes in
the upper half. During the next three weeks,
the stratum corneum became hyperkeratotie.
The stratum granulosum and stratum malpighii
increased one and one-half to two times in
thickness. Spongiosis and intracellular edema
developed so that by six weeks marked vesieu-
lation was present involving the whole rete in
one of the animals, and in the other two ani-
mals there was marked hyperkeratosis and
aeanthosis. The basement membrane became
thinner and the collagen bundles appeared
thicker and more compact. In general the
reticulum and elastic fibers appeared to de-
crease in number in the treated shoulder area.
This was more difficult to determine in the
back area since the amount of reticulum and
elastic seen in the untreated normal back area
varied from a moderate amount in the sub-
epidermal region to few or no fibers present.
Between 6 and S weeks, the epidermal
changes appeared to be the most marked in
demonstrating hyperkeratosis, granulosis, aean-
thosis, spongiosis, intracpidcrmal vesieulation,
and increase in thickness and density of the
collagen fibers. An inflammatory infiltrate com-
posed of primarily lymphocytes and some
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FIG. 4. Photomicrograph of guinea pig skin (II & U x 160). Treated back area at 9 weeks.
Demonstrates hyperkeratosis, granulosis and acanthosis.
FIG. 5. Photomicrograph of guinea pig skin section (II & E x 160). Untreated back area
at 9 weeks. Observe tiunner st. corneum and st. malpighii.
polymorphonuelear leukocytes was present in
the upper- and mid-eorium. There was some
migration of cells into the epidermis. One ani-
mal showed hemorrhagic crust formation in the
epidermis. The pathological response to DMSO
observed in the shoulder and back areas was
in general quite similar.
After S weeks of application, the acute
tendency to reactive process subsided. Spongio-
sis and vesiculation became less pronounced
and after 9 weeks of appheation there was
considerable hyperkeratosis, acanthosis, and in-
creased density of the connective tissue of the
dermis. The inflammatory infiltrate tended to
diminish hut was still greater than in the sec-
tions of the control biopsy specimens. No
changes were noted in the adnexal structures.
Although the primary purpose of this study
was to determine if histopathological changes
occur in the skin of guinea pigs as the result
of repeated application of DMSO, a brief de-
scription of the clinical changes observed is
warranted. On the second day of treatment, the
skin at the site of application appeared cry-
thematous. This never became severe and grad-
ually decreased during the succeeding 6 to 7
days. Considerable dryness of the treated skin
sites was noted by the sixth day and on the
ninth day of the experiment marked scaling
and some local edema was noted. The latter
became more severe by the twelfth day. The
edema gradually subsided during the following
5 to 7 days. With continued application of
DMSO the treated sites remained dry, sealed
moderately, and by the twenty-first day the
skin sites were indurated and thickened to pal-
pation. Dryness, sealing, and thickening were
present at the time of the last studies on the
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FIG. 6. Photomicrograph of guinea pig skin section (Mallory >< 160). Treated back area
at 9 wceks. Demonstrates thickened collagen bundles in corium.
Fio. 7. Photomicrograph of guinea pig section (Mallory >< 160). Untreated back area at
9 weeks. Ohservc thinner collagen bundles in corium.
sixty-third day. Six months following the con-
clusion of the experiment, mild to moderate
thickening of the treated skin sites was still
present to palpation. After two weeks of ther-
apy, some loss of hair was also noted in the
treatment sites. Slight alopecia was still present
in two of the animals six months after the con-
clusion of the experiment.
DIscUsSION
The purpose of this study was to determine
if DMSO would produce pathological changes
in the skin of the guinea pig when applied
topically for varying periods of time. A marked
effect was seen in the epidermis and to a lesser
extent in the corinm. Hyperkcratosis, granu-
losis, spongiosis, and acanthosis of the epidermis
became most pronounced between the sixth and
eighth weeks. The collagen of the cutis became
thicker and more compact. By the ninth week
there was evidence of a hardening of the skin.
The hyperkeratosis and acanthosis persisted,
however spongiosis and vesiculation had begun
to subside. It is possible that these changes
would have occurred earlier had the animals
not experienced rest periods on weekends and
holidays. The collagen bundles did not show
any reversion to normal and there was still a
moderate chronic inflammatory infiltrate in
the upper corium.
The hcmatoxylin and cosin and Mallory
stains were the most useful in demonstrating the
pathological changes. Both the elastic and
reticulum stains revealed a variable picture in
both the treated and untreated sites. It was
difficult to determine whether DM50 had any
effect on either elastic or reticulum fibers. The
periodic acid Schiff and reticulum stains
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demonstrated a thinning of the basement mem-
brane in the treated areas. The significance of
this is not known but it may be a factor in the
ease with which DM50 is absorbed percutane-
ously.
This study does not completely elucidate the
mechanism of action by which DM50 affects
the skin of the guinea pig. However from the
histopatbologieal changes observed it is possible
that the following occurs: One of the earliest
changes is an increase and disorganization of
the granular layer. This is followed by hyper-
keratosis, spongiosis, and vesiculation of the
epidermis. Later an acanthosis develops and
an increased thicktiess of the collagen bundles
in the eorium. Morphologically, the initial change
is similar to the early defect of the granular
layer as seen in congenital iehtbyosiform
erythroderma.
It is probable that, when DMSO is applied
to the skin of the guinea pig for a prolonged
period of time, an irritant effect is produced.
The acute vesieulating dermatitis seen in the
epidermis and the nature of the inflammatory
infiltrate composed primarily of lymphocytes,
TABLE I
Total days
Amount of DM50 applied F treated (sseek-ends & holi-
days excluded)
Total course of
treatment in
days
Animal #1
Right shoulder, 10 cc
Right back, 10 cc
Total app!. 20 cc
10 11
Animal #2
Right shoulder, 21 cc
Right back, 21 cc
Total app!. 42 cc
21 29
Animal #3
Right shoulder, 29 cc
Right back, 29 cc
Total appl. 58 cc
29 42
Animal #'4
Right shoulder, 39 cc
Right back, 39 cc
Total appl. 78 cc
39 56
Amount of DM50 applied
Total number
of days treated)Sat. Son. &
holidays
excluded)
Total course
of treatment
in days
Animals #1 and #2
Right shoulder, 15 cc
Right hack, 15 cc
Total appl. 30 cc
Animals #2 and #3
Right shoulder, 29 cc
Right back, 29 cc
Total appl. 58 cc
15
29
21
42
Animals #5 and *6 42
Right shottlder, 42 cc
Right back, 42 cc
Total app!. 84 cc
63
some histiocytes, and a few polymorphonuclear
cells are strongly suggestive for an allergic con-
tact dermatitis. In addition the hyperkeratosis
and acanthosis of the epidermis and the
thickening of the collagen bundles in the
eorium which persisted following the earlier
acute reaction are compatible with the hard-
ening process seen in the skin of humans who
have had an allergic contact dermatitis and
have continued to be exposed to the offending
chemical agent. The clinical appearance of the
skin following repeated applications of DM50
was compatible with either an allergic contact
dermatitis or a primary irritant dermatitis.
SUMMARY
1. Full-strength DM50 was applied to the
skin of guinea pigs for an extended period of
time, and the histopathologieal effects were
observed.
2. The pathological changes seen were com-
patible with an allergic contact dermatitis.
3. Clinical changes seen in the treated skin
sites were compatible with either an allergic
contact dermatitis or primary irritant effect.
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